Aneurysmal subarachnoid hemorrhage (SAH) remains a devastating cerebrovascular disease [1] and should be treated as a systemic disorder needing intensive care, not merely as an intracranial disorder, especially in poor-grade SAH patients [2] . Aging and poorer admission clinical grade are the most important predictors of poor outcomes [3] . In our recent series treated with early aneurysmal obliteration by endovascular coiling or surgical clipping, SAH patients over age 75 had 3month modified Rankin scales 3-6 (poor outcomes) in 73.1% of cases with admission World Federation of Neurological Surgeons (WFNS) grades I-III and in 77.4% of cases with admission WFNS grades IV-V (poor grade), while SAH patients under age 75 had 3-month poor outcomes only in 13.1% of cases with admission WFNS grades I-III but still in 59.3% of cases with admission WFNS grades IV-V (unpublished data). All acute SAH patients with > 10mm 2 ischemic brain lesion on diffusion-weighted magnetic resonance imaging or prolonged mean transit time > 6.385 s in the whole brain on computed tomography perfusion may have irreversible brain damage and resulted in poor outcomes irrespective of any treatment including cerebrospinal fluid drainage and decompressive craniectomy to control intracranial pressure in addition to early aneurysmal obliteration [4, 5] . The other patients with WFNS grade V had poor outcomes in 70-80%, even though the maximal treatment was undergone [4] [5] [6] ; however, it should be noticed that no treatment caused poor outcomes in all grade V patients [6] . There are poor evidence and no guidelines available for the treatment of poor-grade SAH patients.
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From a basic research point of view, admission poor clinical grade indicates that severe early brain injury (EBI) is arising at admission and possibly leads to poor outcomes directly or associated with delayed cerebral ischemia [1] .
Although EBI is multifactorial and includes multiple pathologies including neuroinflammation [7] , oxidative stress [8] , neuronal apoptosis [9] , blood-brain barrier disruption [10] , microvascular constriction, and microthrombi [11] , the pathologies may interact with each other. Delayed cerebral ischemia may be caused by cerebral vasospasm, cortical spreading depolarization, and microcirculatory dysfunction [12] , which may occur secondary to EBI [13] . Although cerebral vasospasm remains an important cause of delayed cerebral ischemia [14] , microcirculatory disturbance and cortical spreading depolarization may be more important than cerebral vasospasm as to the impact on functional outcomes especially in poor-grade SAH patients [15] . Thus, many basic researchers have worked hard to overcome EBI, which is believed eventually to improve outcomes of poor-grade SAH patients.
It is no doubt that an abrupt elevation of intracranial pressure by a rupture of cerebral aneurysm is an essential trigger of the development of EBI. Even though the amount and distribution of blood in the subarachnoid space are similar, an abrupt increase in intracranial pressure disrupts cerebral perfusion associated with early, pronounced, and sustained disruption of cerebral autoregulation as well as neuronal damage, possibly leading to more severe EBI and poorer outcomes [16] . Severe SAH induced glial and endothelial injuries contributing to increased blood-brain barrier permeability immediately after SAH by endovascular perforation in rats [17] . Severe SAH-induced intracranial pressure elevation and brain injury also activate the sympathetic nervous system, release catecholamines, and induce systemic inflammation and extracerebral organs injury [18] . In endovascular perforation SAH models using adhesion molecule knockout mice, it was demonstrated that SAH resulted in early intravascular inflammation with the recruitment of circulating neutrophils to the vessel/brain interface and that the inhibition of neutrophilendothelial interaction prevented systemic inflammation from accumulating and activating microglia to cause neuronal cell death [19] . Extravasated blood components such as thrombin, platelets, and leukocytes also activate microglia, which is an important mechanism to produce proinflammatory cytokines, matricellular proteins, and oxidative stress, causing EBI in a mouse endovascular perforation model [20, 21] . At 24 h after experimental SAH by endovascular perforation in rats, magnetic resonance imaging studies showed that more severe SAH caused a more frequent and larger cerebral infarction, where fibrinogen/fibrin-stained microthromboses were histologically found [22] . Thus, although several challenges exist to translate findings from animal research to clinical settings [23] , the endovascular perforation model associated with arterial bleeding may be the most suitable to study severe EBI, and in fact it has the highest mortality among SAH models in mice [24] . As to target pathologies, inflammation may be a good candidate [21] : to put it more concretely, damageassociated molecular patterns (DAMPs) and pattern recognition receptors may be important initiators as well as enhancers of post-SAH neuroinflammation leading to severe EBI [1] .
Inflammation under sterile conditions is a critical response to tissue injuries and is induced by the release of endogenous molecules called DAMPs [25] . Although DAMP is hidden by compartmentalization within cells or sequestration in the extracellular matrix under normal conditions, DAMP is released from any injured cell (plasma membrane, cytosol, mitochondria, endoplasmic reticulum, nucleus, or autophagosomederived DAMPs) and proteolytically from the extracellular matrix undergoing stresses or injuries (extracellular matrixderived DMAPs), and is recognized by pattern recognition receptors [25, 26] . Currently, 5 classes of pattern recognition receptors are known as follows: cell surface or endosomal Toll-like receptors (TLRs), cytoplasmic nucleotide-binding oligomerization domain-like receptors and inflammasome, intracellular retinoic acid-inducible gene-I-like receptors, transmembrane C-type lectin receptors, and absent in melanoma 2like receptors [25] . Of the 11 human and 13 murine TLR family members, TLR4 can mediate the strongest inflammatory reaction via both the myeloid differentiation primaryresponse protein 88-dependent and the Toll receptorassociated activator of interferon-dependent cascades, and is expressed on various cells including microglia, neurons, astrocytes, brain capillary endothelial cells, endothelial and smooth muscle cells of cerebral arteries, and peripheral blood cells such as leukocytes, macrophages, and platelets [27] . In addition, TLR4 recognizes many DAMPs derived from plasma membrane (syndecans and glypicans), cytosol (S100 proteins [S100B, S100A2], heat shock proteins, heme, oxyhemoglobin, methemoglobin, and hemin), nucleus (high mobility group box-1 and histones), autophagosome (high mobility group box-1), and extracellular matrix (extravasation [fibrinogen and fibrin], proteoglycan [biglycan and decorin], glycosaminoglycan [hyaluronan and heparan sulfate], glycoprotein [fibronectin], and matricellular proteins [tenascin-C and galectin-3]); and TLR4 may be the only pattern recognition receptor binding to extravasated blood components [25, 26] .
Glycosaminoglycans such as heparin sulfate and hyaluronic acid account for a major part of the extracellular matrix in the central nervous system and are important mediators in multiple functions during the development, physiology, and pathology of the central nervous system [28] , but matricellular proteins are increased by de novo synthesis [29] . Heat shock proteins respond to a wide variety of brain injuries including ischemic and hemorrhagic strokes, and can be protective or harmful to the brain [30] . Taken together, TLR4 and/or de novo synthetics matricellular proteins may be good therapeutic targets to inhibit neuroinflammation after SAH. At aneurysmal rupture, the resultant more tissue injuries and extravasated blood activate more TLR4, which is an initial step of cascades to neuroinflammation and more induces matricellular proteins, chemokines, adhesion molecules, proinflammatory cytokines, and mediators, causing severe EBI and delayed cerebral ischemia [27] . As some of the matricellular proteins are DAMPs and ligands of TLR4, TLR4-matricellular proteins-TLR4 signaling may form a vicious circle leading to more severe EBI and delayed cerebral ischemia [31] . However, as various pathophysiological reactions other than EBI and delayed cerebral ischemia affect inflammatory reactions, therefore, the interactions cause low specificity of proinflammatory cytokines or mediators other than matricellular proteins in EBI and delayed cerebral ischemia, although neuroinflammation is a major aspect of EBI and delayed cerebral ischemia [1] . Now, the findings indicating the linkage between TLR4 [31, 32] or matricellular proteins (tenascin-C [33] [34] [35] and galectin-3 [36, 37] ) and EBI or delayed cerebral ischemia are increasing experimentally and clinically. A local environment such as extracellular pH is reported to affect tenascin-C's function [1, 38] , and the functional relationships between tenascin-C and other matricellular proteins such as galectin-3 [1] , periostin [39] [40] [41] , and osteopontin [42, 43] should be also investigated in EBI and delayed cerebral ischemia. An antiplatelet cilostazol inhibited post-SAH tenascin-C induction [44] and improved outcomes associated with reduced incidence of delayed cerebral infarction in a clinical setting [3] .
Another potential therapeutic target is cellular microparticles, which are small vesicles formed by plasma membranes of various vascular cells such as endothelial cells, smooth muscle cells, platelets, leukocytes, and erythrocytes [45] . Cellular microparticles are released from the membranes by triggers causing cellular activation or apoptosis including cytokines, hypoxia and shear stress, and transfer receptors and cytosolic contents such as enzymes, ribonucleic, and deoxyribonucleic acids to cells of different origin [45, 46] . In clinical SAH, plasma levels of various cell-derived microparticles, especially tissue factor-expressing and endothelial cellassociated microparticles, were elevated at day 0 post-SAH, and the development of cerebral infarction by day 14, suggesting the linkage among inflammation, endothelial dysfunction, and thrombosis, were predicted [47] . Platelet-related systemic thrombogenicity is also reported to be more increased from an acute phase of poorer SAH possibly reflecting systemic inflammatory reaction syndrome, leading to a higher risk of an increased burden of cerebral microinfarcts and delayed cerebral ischemia [48] .
All researchers agree that EBI and delayed cerebral ischemia are multifactorial, and that EBI needs to be overcome to improve outcomes of poor-grade SAH. However, current treatments against poor-grade SAH is somewhat a carpetbombing approach, and the effects are limited. I think that we should develop molecular-targeted drugs against each pathology in EBI to overcome EBI, and that the time is approaching.
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